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ABSTRACT

An interception study was conducted in an exotic
vegetation of Eucalyptus trees to unravell how compo-
nets of the interception process are distributed and

what factors affect them.

Rainfall was measured at an open site and under four
samples of Fucalyptus trees (Grandis). Between 67
and 77 percent of the rain penetrated each of the
canopies with the average being 71 percent. Stemflow
averaged 14.8 and ranged from 1%.5 to 16.6 percent.
Interception loss averaged 42.5 with a range of 39 to

46 percent.

The lower penetrations observed in the study were attri-
buted to the thickness of the tree canopies for the

four samples. Stemflow values were larger than what most
studies have recorded and this was attributed to the
smoothness of the barks, the age of the trees and
consequently the distance taken for the stemflow to reach
the collector. Interception loss was found to be higher
because of the age of the trees.

The variations of the components between samples were
associated mainly with aggregate amount and intensity

of rainfall and to a loss extent vegetational characteri-

sticse.
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CHAPTER d

INTRODUCTION

It has long been realized that interception is of

great importance in soil and water resource conser-
vation and management particularly in catchment

areas. 1t is important to know how much rainfal a

tree species intercepts before it is chosen for catch-
ment area protection. This realization was among other
factors that led Townsey (1957) to carry out an inter-
ception study on Wellington mountain in Tasmania in
which he found out that precipitation intercepted by
trees constituted an appreciable fraction of the total

precipitation.

Water demands by industry and by populations which are
constantly rising and the increasing demand for informa-
tion on rainfal and water expenditure in catchment areas
have attracted even more investigators on the subject.
Most of these studies have taken the budgetary approach
either for a stand or single tree in order to examine

the effects of vegetation and rainfall characteristics.
Noteable studies include those by Aranda and Coults (1963),
Robins (1974) and Hutchinson and Roberts (1981). These
studies nevertheless, were conducted in temperate areas so
that there is paucity of information on the subject in
the tropics. A few studies that have been reported

from the tropics such as Freise (19%6) quoted in Geiger
(1965) seem to lag behind in terms of the research effort
compared to temperate ones. It is in the light of ﬁhis

realization that this study was undertaken.

2deas
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PURPOSE AND OBJECTIVES OF STUDY

The purpose of the study is to investigate the rainfall

characteristics in the study area. These include aggre-

gate amounts, time interval between occurance and rainfall

intensity. Vegetation characteristics include plant

species and maturity as well as stand density. The study

hopes to find out what bearing rainfall and vegetation

characteristics have on the inter-ception components, that

is inter-ception loss, throughfall and stemflow.

The objectives of the study are thus two-fold:-

(1) To find out how an afferested area expends precepitation
and

(B) To find out the factors affecting interception in an

afforested area.

DEFINITION OF TERMS:

Terms related to the interception process as used in this

study are defined below:-

(b) Interception Loss

— This is the portion ©of the precipitation retained
by the vegetation and is either absorbed by it or
is returned to the atmosphere by evaporation.

(¢) Throughfall

Throughfall which in this paper will be referred to
interchangeably with percentage penetration has been
defined as the portion ©f rainfall that reaches the
ground directly through the vegetation canopy and

through openings and as drip from leaves and twigs.

(d) Stemflow

This is defined as that portion of the intercepted
rainfall that trickles along twigs and branches and

finally down the main trqpk fo the ground surface.
d
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CHAPTER 2

LITERATURE REVIEW

FEATURES OF INTERCEPTION

Studies of the distribution of rainfall in vegetated
areas have shown that when it begins to rain much of
the water is intercepted in leaf and stem depressions

or held by surface tension forces as drops on the leaves,
bark surfaces and edges. One wav of appreciating the
interception process is to look at the shelter effect of

a tree during a rain ster as suggested by Penman (1969).
At the beginning of a rainstor protection is almost
complete and the ground beneath the tree remains dry, but
with passage of time drops of water begin to fall through
the canopy. The drops increase is frequency and size
until such a time when the tree provides no protection at
all. Eventually, drops of water continue to fall from the
leaves after rainfall has ceased. This observation depends

on the nature of rainfall.

The simple illustration above affords a clear indication
both of the sequence of events and of the main features

of interception. At the beginning of the:rainstgr much of
the water is caught in the tree canopy andés a result the
ground beneath the tree remains dry. But as the rain
continues at a greater rate than that of evaporation the
drops stored on various parts of the tree canopy increases
in size so that the surface tension gorcesare(over-:om@)and
the drops move from leaf to leaf forming still larger drops.
Del s (1967) found out that the lag time, which is the

time taken for the rain to penetrate the tree canopy from

the time it started to rain may last for several hours with

4 /eus
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light rain. Eventually all parts of the tree will
reach maximum water storage.capacity and water will
begin moving out of the tree as throughfall and
stemflow. Storage capacity which is the term used

to describe the amount of precipitation that can be
taken up by the crown before water penetrates the
forest floor was found by Delgs (1967) to range from

1 to 3mm in Spruce and Beegh forests. Aranda and Ccuttsg

(1963) found it to be at least 2 mm in conifers.

Penmanjiz illustration above shows that interception
loss from vegetation is greatest at the beginning of a
storm and reduces with time. This reflects the interac-
tion of the main factors that affect ite These factors
are categorized in two groups as interception capacity

of vegetation cover and meteorological conditions.

VEGETATION CHARACTERISTICS

The interception capacity of vegetation is a function of
vegetation structure and merpholozy e These in turn

depend upon composition, age and density of gtands.

Th

o}

effect of species on the difference of interception
has been particularly noticeable between broad- leaved
and coniferous trees. !Many studies have shown that coni-
fevous trees intercept more rainfall than broad-leaved

or deciduous trees in full leaf. This is illustrated

in Table 2.1. This fact has been verified by many in-
vestigations. Aranda and Coultts(1963) found interception
of about 48 percent and 3 percent in coniferous and
deciduous trees respectively. Delfs (1967) in a S5-year

period found a mean interception of 25.8 percentage £&¢

5 /‘-.



for Spruce and 7.6 percent for beech. The low value
for beech was a result of the smaller storage capacity
of the crown and the extremely small amount of moisture
required for wetting the surfaces of the stem and the
branches. Therefore, although the deciduous canopy is
denser than that of conifers, its broad leaf promotes

drop coalescence and flowe.

TABLE - 2.1 RAINFALL INTERCEPTION RATES AS A PERCENTAGE
OF PRECIPITATION FOR SEVERAL FOREST TYPES

FOREST TYPE GROSS STEMFLOW NET INTERCEPTIOR
INTERCEPTION
With Without| With  Without | With Withou
Leaves Leaves| leaves Leaves Leaves Leaves
Northern Hard 20 17 5 10 15 7
Woods
Aspen=-btrch 15 12 5 3 10 4
White- Pine 80 - 4 - 26 -
Spruce fir 35 - 3 - 32 -
HemLock 30 - 2 - 28 -
Red Pi
ed Pine 32 _ 3 _ 29 _

SOURCE: Geiger (1965) The climate near the Ground uderline
Harvard University Press, Yambridge, Massachusetts

London, England.,

Where as the separate needles of conifers tend to retain

individual raindrops and do not promote flow (Geiger 1965),

6 /cee- ~



Table 2.1 also shows that unlike coniferous trees

deciduous species display seasonal variation in
interception capacity and loss in response to changes

in leaf cover. Ward (1967) has observed that the total
leaf area per unit ground area of grasses and herbs and

of closed canopy forests are similar. It is for this
reason that the interception capacities and losses during
the season of maximum development have been suggested to

be of similar magnitude. However it is difficult to
measure interception in grassy type of vegetation and there

is very little research gn such vegetation covers.

Age has an important influence on the amount of intercep-
tiong. Delfs (1967) found the mean interception by Norway
Spruce over several years to be %6 percent in an 80-year
old stand; 28 percent in a 60 - year stand, 21 percent in
a 30 - year old thicket and 11 percent in a 15 - year-old
regeneration. He attributed this increase with age to

the greater crown length and denser foliage in the older
standse

The effect of spacing an interception determines the
possibility of influencing water discharge by thinnings
and fellingse. Delfs (1967) in his study above found

that a light opening in the canopy does not reduce
interception. e found the interception in a dense spruce
pole stand to be %0 percent, that in a light-thinned stand
to be 31 percent and 22 percent in a small opening. He
attributed the unexpected result in the opening to wind
action which might have prevented some of the rainfall from

reaching the ground.

7 [eees



METEOROLOGICAL CONDITIONS

The meteorological conditions affecting interceptions
vary in importance with rainfall durations. For short
period storms in which interception capacity is not

filled, all the precipitation mav be evaporated.

In such a case the interception loss is limited by

water supply and will vary with precipitation. Ward
(1967) observed that even during rainfall some water

may still be lost by evaporation from the leaf surfaces

so0 that even when initial interception capacity has been
filled; there is some further fairly constant rentention
of water to make good th&s evaporation loss. Kittredge
(1948) found out that when evaporation in the open was
taken as 100 percent it was 83 percent in pines 69 percent
in pinus: Lamberiana and 17 percent in a dense mature

stand of Abies concolour.

Wind effect on the interception process will depend on
development of the canopy. The density and wind speed has an
accelerating effect on the evaporation processes in that
it can constantly replace saturated air. Ward (1967)
has said that other conditions remaining constant;
evaporation will increase with wind speed, so that during
long period rain sterms the interception loss is greater
in windy than in calm conditions. couttsand Aranda (1963)
reported similar findings in their study of an afforested
area near Aberdeenshire. The wind effect nevertheless
depends on the length of a rainsterm. During a short

duration sterm wind speed can considerably reduce the

8/....



interception capacity of a tree by agitating the foliage
and causing premature throughfall. Thus, generally
speaking wind increases the total interception loss for

a long duration stOrm and decreases it for ashort duration

Onee.

From the above it is implied that the duration of a

rainfall is a secondary faeftor in that it influences
interception by determining the balance between the reduced
storage of water on the vegetation surfaces on one hand

and increased evaporation losses on the other. Data collected
by Aranda and Couttiﬂ963) and Geiger (1965) showed that
interception loss increased with the duration of rainfall,

but only gradually so that the relative importance of

interception decreases with time.

Although Ward (1967) has said that rainfall amount is of
less significance, Aranda and Coutts (1963) noted its
ipportance in relation to its interecting effects with
other fators such as duration and that interception loss
tends to decrease as the amount of rainfall increasess
Unlike rainfall amount, rainfall intensity has been found
to be of greater influence on interception in that it
tends to increase as intensity decreases for long duration
stgrms. Delfs (1967) found that in heavy thunderstorm
during which 74.6 mm of rain fell within 3% hours only

2 pereent was intercepted while the interception wus

25 percent from a continuous rain with 70.5mm rainfall over

50 hours.

2 /...
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Rainfall frequency has been noted to be of considerable
significance thaniéither duration or amount of rainfall.
Aranda and Cout$s(1963) and Geiger (1965) showed that
where evaporation rates were high between showers
interception capacity was at a maximum when each shower
began. In these circumstances little of the rain would
reach the ground and interception losses might exceed

90 percent of the precipitation above the vegetation
cover. When the total of preéipitation is made of
similar short showers seperated by periods of clear
weather; interception may be as much as 35 to 50 percent
of the total. But if these same amounts of rainfall
occur during prolonged falls on vegetation which is
almost continuously wetted, total interception loses

will be lower.

It is evident therefore; from the way the forest behaves
toward falling rain that the rain intensity, duration,
anunt and variation with time are of vital importance
depending on the nature of the vegetations. Ovington(1954)
guoted in Geiger (1965) stated that interception could
range from 6 to 93 percent depending on the character

of the rain and vegetation stand. He also found out

that interception for a single stand would be great

in proportion to rainfall when the rain was light, of

short duration, and would be small for persistent rain

or heavy showers over a wide area.

Delfs (1967) found interception to range from 7.6 to 25.9
percent in Beech and Norway spruce. Zinke (1967) has
compiled interception data for many species in the

United States of America and has found a range of 3 tou8
10/



percent. Kittredge (1948) has said that en average
a forest could return as much as 30 percent of the
total precipitation directly to the atmosphere as

interception loss for light rain of short duration.

FEATURES OF STEMFLOW

Stemflow is usually very small and almost an inisigni-
ficant contributor in the water regime oEidmann (1967)
found summer stemflow to be 0.7 percent in a 65-year

0ld Spruce. Studies by Kittredge (1948) Aranda and Coutts
(1963) and Delfs (1967) have shown that normally stemflow
begins several hours after the beginning of the rainfall.
A certain amount of rain is necessary to wet the foliage,
branches and stems before flow is possible. This depends
on the age of the tree. Delfs (1967) found that a longer
period was required to wet the stems of a mature timber
than on pole stands. Geiger (1965) also verified this
fact by reporting stemflow of more than % percent in

a young stand compared to 0.8 percent in the old stand.

Stemflow has also been found to depend largely on the
roughness of the bardk. Delfs (1967) found the stemflow

of beech to play a relatively more important role as a result
of its smooth bark compared to that of Spruce. The mean s
stemflow measured by Rim in saverland, United States ranged
between 16.6 and 18.7 percent compared to only 0.7 percent
for spruce. Delfs also found that there was a correlation
between stemflow and stem diameter. If stemflow was
expressed as a percentage of rainfall; the stems with the

smallest diameter exhibited the greatest amount of stemflow.

1. //



He also found that stemflow began when rainfall amount

was 2mm.

On the whole researchers have reported a relatively

small propé&ion of precipitation for stemflow. Carlisde,
Brown and White (1967) obtained stemflow of 3.6 percent

and Delfs (1967) as small as 0.7 percent in Spruce.
Fowever, other obtained large proportions. Hoover,

Olson and Greene (1953) quoted by Aranda and Coutts (1963)
obtained stem:low of up to 20 percent in loblolly plantations
Delfs (1967 recorded 16.6 percent in beech stands. All
these differences in stemflow values indicate that stemflow
may vary depending on the tree species, age and bark

texture.

FEATURES OF THROUGHFALL

Throughfall is an important component of interception which
is usually irregularly distributed around a tree. Hoppe
(1896) quoted by Geiger (1965) showed that throughfall
increases with increasing distance from the stem at the
individual trees. “e found that it was 55 percent near

the stems and 76 percent at the bvorders of the crowns
Throughfall has been found by Geiger (1965) to be dependent
upon the age of the stand. A study done in an old fit.
Stand by Hoppe, Delfs and others in 1948 and 1958 quoted
in Geiger (1965) indicated that the relations between
interception and throughfall was a function of amount

of precipitation and age. Younger stands allowed more

rain through the forest floor than old stands as is

illustrated in figure 2.1.

12/eae
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Throughfall has been found to average 85.9 percent with

a range of V7.4 to 93.8 percent by Rogerson (1967) in
pole-sized loblolly pine. Aranda and Coutts (1963) obtained
throughfall ranging from 40 to 84 percent of the total
rainfall. The variation in throughfall has been attributed
to drip effects and to differences in rainfall and vegeta-
tion characteristics by Geiger (1965) and Aranda and Coutts

(1963) respectively.

Most of the studies cited above have taken the budgetory
approach which has been emphasized by Geiger (1965). His
main argument being that if less water reached the ground

in a wooded area its contribution toward water supply would
be Smaller than from open country. It has been observed
however, that there is very little information available

on the topic within the tropics. Freise (1936) quoted by Geige
(1965) conducted such a study in the subtropical forest of
Brazile Of the total precipitation 20 percent evaporated

in the crown space, 28 percent reached the ground as stemflow
and %4 percent dropped through:the remaining 18 percent
disappeared into the bark and hollow stem and by further
evaporation.

It is in the light of this realization and the dispafiies

in the results of too few studies that inidisted a need to
extend studies of this nature to Zambia. Pereira (1967)

has shown that hydrological studies in Zambia started in

the colonigal period but focussed mainly on the major rivers.
Later attempts to begin forest hydrology research were made
due to polétical pressure arising from the disappearance of

vegetation cover on the major water sheds.

14/...



14

Presently this new thought and the concern for proper
utilization of water resources and conservation has
become a matter of fact and rather unexpected in a
Young but fast growing developing nation- whose water
demands by industry and by a rapidly increasing popu-
lation are constantly rising. Therefore, information
on rainfall and water expenditure, particularly in
catchment areas is of great importance. This study
therefore, hopes to shed more light on how rainfall is
distributed in a forest in the hope that this will help
plan effective policies in soil and watershed protection
and management. The study intends t© shed more light
on the subject in a tropical setting in relation to

what has been observed in temperate areas.
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CHAPTER 3
DESCRIPTION OF STUDY AREA

LOCATION OE SITE AND VEGETATION COVER

The work was done in the Lusaka North Plantation which
is situated to the north of Lusaka about 4 kilometres
from the Central Business District along the @reat North
Road. The plantation was started in 1957 and has

Six compartmentcone of which was chosen for the study.

The site is a well established plantation o7 Eucalyptus
trees (Eucalyptus Grandis) which are about 6 years and
3.05 metres apart. The trees are 6 metres in height

and 0.19 metres in breadth. The trusks are smooth. The
stand density was estimated at 34,750 trees per hectore.
The site provided security for Tield equipment and a
rainfall  station which was taken as the open site
from Which rainfall data for the study were obtained. The
raingauge in this site was located on a termite mound with
no trees or shrubs except grass growing on it. This was
located to the east of the study plot. Figure 3.1 shows

the location of the study area.

CLIMATE

Lusaka like any other place in Zambia experiences a tropical
climate although it is modified. by altitude and distance
from the sea. Four seasons are significant, The rainy
season running from November to March, the post rains

warm season from April to June, the cold drv season from
June to August and the hot dry season which runs from
September to November.

The Rainy Season

This is the period during which the study was conducted

9....
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commencing on 28th November, 1987 to 21st March, 1988.

The rainy season at Lusaka arrives with a number of
circulation patterns which influence the region by
introducing advected air which is both moist, un-

stable and convergent. Three circulation svstems influence
the climate of Lusaka during this time. These include

the Angolan low, the Zaire Air boundary and the inter-
tropical convergence zone. The annual rainfall of Lussksa
averages to 803 mm and 95 percent of this falls in the

five- month rainy season. Rainfall is quite reliable although
there are daily and divrnal variations. Wind speeds are
less on rainy days but wind direction usually presents a
complex pattern. Maximum air temperatures are consistently
lower on rainy days than other days by an average of 1.4%

due to increased cloudmess and lower incident solar radiation.
The mean rainfall on rainy days . at Lusaka is 9.Omm
although there are ywide daily variations.

Temperature

Lusaka temperatures are moderate. The average maximum for the
warmest month (October) is 31.2% and the average minimum for
the coldest month ( July)is 9.6%. The highest temperature
recorded at the city airport is 38.2°% and the lowest 3.9%.
Frost is said to occur in low - lying valleys into which
cpolder air drains. Lusaka is reported to be a 'windy city’
with persistent winds blowing from the east being the most
persistent. Table 3.1 gives a summary of selected climate

means for Lusaka.

17 /e,
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VEGLTATION

The natural vegetation for Lusaka is the dry-deciduous
woodland called M1 ombo « This is most prevalent in

the Southern and south-Eastern parts of the city. To

the West and South-West of the city is an open savanna
woodland known as lMunga. This is also found in a narrow
tongue to the North of Lusaka beiween Chongwe and Mwembeshi
river.

There are dambos too although these are poorly developed.
These are streamless but usually water logged during the
rain season. In lower reaches at rivers such as the southe
west towards Kafue river extensive riverine and floodplain

grasslands exist as well as evergreen I'iparian woodlands.

Within the built up area of Lusaka and in the immediate
environs of the city, little of the natural vegetation
survives. Most of the area was cleared for European
Agriculture and alsoﬁprovide timber products, building
material, firewood and charcoal for the city. Concern over
this Paucity of woodland led to the establishment of forest
regserve such as the study area to the North;@ast and South-
Bast of the city. In these forest reserves exotics have

been introduced with Eucalyptus being dominant.

Vacant lands are considerable on the immediate peripherv of
the city and are 1Htensely cultivated for maize and vegetable
DRAINAGE

Generally Lusaka has a radial drainage pattern which reflects

the underlying rock type of the city. The Chunga which

is a tributory of the lwembeshi has its source in the KFoptner

part of Lusaka and drains the area which is underlain mainly

18/
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by schist with a few quartzite astride. . The great

North Road in the viscinity of the Independence stadium.
The study site separates two drainage systems; the Chunga
flowing westward” and the Ngwerere flowing - eastwards.
Therefore the site occupies a strategic location as far as
water conservation and water shed protection is concerned.
Thus quantifyving a part of the hvdrological component is

a first step towards understanding redistribution and

availability of surface water in a predominantily 'dry' area.

The plantation provides vegetation cover - which increaces
infiltration by retarding surface flow, so allowing more

time for water to enter the soil and shieldingthe soil surfac
from the direct impact of raindrops which reduces compation.
The root system development also increases the permeability
of the surface lavers. Further more water sinking into

the so0il under vegetation cover, is in excess of overland
flow beczuse water dropping to the ground surface is of less
intensity and is easily absorbed by the soil. This adds

more water to the soll moisture reserves than for areas
without vegetation cover. This threfore ensures a continous
supply of water to the two water swstems sharing the water--
shed.

The south-western quarter of Lusaka is drained by the
Chilongola, Cheva and Mungu which are tributaries of the
Kafue. South of the city only Chilongolo is the stream

of significance on the water less surface of the plateau.

An extensive area in the central plateau of the city is
almost devoid of surface drainage. This is because the

Limestoue underlying the area allows the rainfall to enter

it with relative ease. To the south-east is the Funswe

19 /e
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which is confluent with the Kafue. To the North-east
are the Chalimbana and the Ngwerere which are both
tributaries of the Chongwe which in turn flows into
the Zambezi. Figure 3.2 provides a summary of the

nvdrology of Lusaka ‘¢f Lmsaka noted above.

TEMPERATURE RAINFALL WINDSPEED
(oc) (M) (NOT3)

Mean Max. Mean Min. NIL

JOLY 22.7 19.6 Min. 7.7
AUGUST 25.4 11.7 NIL 8.5
SEPTEMBER 28.9 4,7 1 8.9
OCTOBER 31.2 17.8 16 7.8
NOVELTBER 28.7 17.8 82 5.7
DECEMBER 26.5 17.% 1.94 4.7
JANUARY 25.8 17.2 222 4.1
FEBRUARY 25.8 171 179 3.7
MARC.? 26.1 16.% 88 6.3
APRIL 26,3 4.0 15 2.2
MAY 24,6 12.0 5 7.1
JUNE 22.8 10.2 1 7.8
YEA 26.2 14,7 803 6.6

Table 3.1 ©Selected climate means for Lusaka
(Based on records taken at the Lusaka City
Airport) 1941- 1966

Copied from Tyrell (1986) and Williams (1983)
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Fig. 32 Drainage of the study area

Traced from Willams GJ (1986) Lusaka and its Environs : A

Geogrephical study of a Planned City in Tropical Africa.
Z G A. Lusaka,




CHAPTER 4

MEITHODS OF DATA COLLECTION AND ANALVSIS
MEASUREMINT OF METEOROLOGICAL ELEMENTS

Rainfall amounts

Rainfal amounts in the open site was measured using the
standard raingauge as described by Ward (1967). The gauge
used was a non-recording one belonging to the Lusaka
North lMeteorological station. This gauge monitored the

total rainfall input into the plantation. The values from

it were the basis for the calculation of the percentage
penetration, stemflow and interception loss.

Despite the fact that a standard reingauge was used there

are unvoidable difficulties inherent. in point mezsures

ments of precipitation. These include splash- in and out
effects evaporation, losses in wetting the gauge surfaces and
in accuracies due to improper levelling of the gauge criffice.
These errors and their causes have been summarised by Wawrd
(1967) and corbett (1967). The raingauge at the study site
gave reasonable readings which compared well with those

from both non automatic and automatic gauges of a nearby
rainfall station at the Universitv of Zambia. Thus potential
errors were insignificant.

Rainfall Intensity

A meteorological self-recording rain gauge from the University
of Zambia meteorological station was used. This was the
nearest station with self-recording instruments. It is about
8 kilometres from the study site. Charts from this gauge
were used to estimate rainfall intensities.

Wind Speed

Wind speedSwere also obtained from the University of Zambia

25/--»
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meteorological station. These speeds were taken on 24 hours
basis. A weskness in thisdata could have been that the
conditions at the study site might not have been exactly the sam
as those over the University of Zambia. But this could not be
avoided since it was the nearest station with self-recording

instruments.

INTERCEPTION COMPONENTS

Throughfall

Plastic funnels of about 12.5 centimetres in diameter with a
vertical flange fitted to 750 ml. Cooking oil bottles were
used as imprevised raingauges to monitor throughfall because
acquisition of standard rain gauges was not possible. The
bottles were put into used paint tins of about 30 centimetres

in height and whose tins corresponded to the diameter of the
funnels. These tins served as collection cans in case of an
overflow during exceptionally heavy falls. In such cases both
the can and the bottle were removed and emptisdin a measuring
cvlinder.

Taking into consideration the cost of the material for the
gauges and the area under investigation; four imprevised rain-
gauges were installed within the study plot. Individual
readings were taken from each gauge under the tree canopye. Then
average readings were used in order to minimize sampling error.
Installation of these gauges was done at ground level. The
paint tins were slightly burried in the ground under the tree
canopy for support. The funnels leading to the bottles were
placed over the rims of the tins so that the rims of the funnels
were at a height of about 30 centimetres above the ground level.

This minimized the effects of splash and turbulence.
24 /...
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Other possible problems associated with the measurement

of throughfall apart from that of the sampling error are
those of the drip effect. This error was suspected during
the early stages of the readings referred to as 24 hour
period,readings and this yielded exceptionally high values

of throughfall. The reading time was then changed to imme-
diately after a rain steérm and reasonable results were
obtained.

Stemflow

Points of measurement were chosen immediately below the major
whorl of the trees because this is the :oint of maximum
stemflow according to Hutchinsen and Roberts (1961). The
following were the major considerations taken in the constructi
of the stemflow collectors; (i) Cost in relation to the

area to be investigated (ii) ease of attachment to the

tree and (iii) +tightness of seal against the bole of the
trees. The stemflow collectors used in this study were a
modefication of those used by Aranda and Coutts(1963) and
Likens and Brown (1970).

Polythene bags were wrapped around the tree trunks Jjust

below the main whorl and the joirt between the bags and the
tree surface was sealed bv using rubber tubes which gave a
reasobale water-tight fit. The water collected in these

bags was then transfered to a measuring cylinder using recta-
ngular pieces of foam which had been put in the collectors

by wav of squeezing amd measured as stemflow. Squeezing
water from the foam was one of the possible weakness in the
method because some water probablv was lost in wetting the foar
itself an@ there was a possibility of not squeezing of all

the water to the cylinder.
25 /-..o
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Interception Loss
P

Interception loss was derived directly from direct
measurenents of total precipitation, through . and

stemflow as a residual from the formula:

Iri =P - Pg - 3f

whereIri is the total interception loss for the projected
area of canopy (mm)

Pg is throughfall and Sf is stemflow

VEGETATTION CHARACTERISTICS

Stand density

This was determined by using the sample plot- .method -
which proved easier, less time consuming but reasonably
accurate. A sample plot was chosen within the study
compartment. The total number of trees in this plot was
recorded after counting them. The total area of the sample
plot was also measured. The total number of trees in the
sample plot was divided by the total area of the plots The
answer obtained was taken as the average stand density for
the whole study compartment,

The sample plot was quite representative in that it was
taken from the middle of the compartment.

Other vegetation characteristics such as canopy form and
leaf marphology were observed and described by the auth .
Information pertaining to the plantation history~ and
maturity of trees was obtained from the Forestry Department
staff and plantation book records.

DOCUMENTARY SOURCES

This included Library research on existing works done on

similar studies. Information obtained included major

findings and available methods concerning the data collection
26/....
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of the study.

MAPS

These were obtained mainly from the Geography
Department of the Universityv of Zambia, Lusaka 15 A4

(1986) was the map sheet used to map out the study area.

DATA ANALYSIS

The data were analysed and Tabulated manually with the
aim of presenting the data in form of short summaries.
Tables correlation coefficients percentages of the total

and diagrams were widely” used.

cee 27 ea
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CHAPTER 5
RESULTS AND DISCUSSION

METEOROLOGICAL CONDITIONS

The total rainfall during the Study period ranged from

2mm to 57 mm with an average of 19.4 mm. Rainfall intensity
ranged from 2.2. to 80mm 1 hour. 24 hbur runs of wind were
used and wind speed was found to range from about O.9m/q sec

ﬂ“\!

up to as much as 2.9/1 sec.

VEGETAT TONAT, CHARACTERISTICS |

Thé.trees were of Eucalyptus Grandis Species about 6 vears
old with traingular canopies. Thevmain trunks %ere found

to be about 1.0 metres from the ground surfacé to the main
branching area. The trunks were smooth and about 0.19 metres
in diameter.

INTERCEPTION COMPONENTS

Table 5.1 gives a summary of the results obtained for each
gauge throughout the observation period for both readings
taken immediately after the stpwm and 24 hour readings.

TABLE 5.1

Mean Percentage penetration, Stemflow and Interception loss
for 24 hour readings (*) and those taken immediately after
the stem

] ~ —
Gauge No. of Mean Percenta- Mean Mean Intercept
Number Observa- e Penetratibn Stemflow | Loss (90)

tion. 90) (90)

1 15 77 *96 16.6 *32 39 - *42
2 15 72  *100 14.6 *31 44 x4
3 15 67 *93 14,5 *26 46 *47
4 15 68 *O4 13.8 *30 44 *47
Grand _
Mean 15 71 *95.8 14.8 *29.8 42,5 *H4 .3

SNO /
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The table showsthat there are variations between the two

sets of data that is the readings taken immediately after the
sterm and those taken on a 24 hour basis. There are varia-
tions too between samples. This variance is explained by
factors associated with the nature of the vegetation and with
the rainfall characteristics. Thesé factors are in many ways
‘interrelated and can be classfied as follows:

1. VEGETATIONAL, CHARACTERISTICS

1. Plant species and maturity
2. Density of plant population
3. Wind effects

11, Rainfall Characteristics

1. Aggregate amount

2. Rainfall intensity

The influence of the above factors upon the results obtained
in the study are considered below. But it should be borne in
mind that the list is not exhaustive as many otacr factors
may come into play. For instance the locél topography and m
‘meteorological condtions other than rainfall.

EFFECTS OF VEGETATIONAL CHARACTERISTICS

From Table 5.1 it is evident that the readings taken on a

24 hour basis recorded higher values for means of percentage
penetration, stemflow and Intérception loss. Mean percentage
penetration for instance was a high as 100 percent for géuge
no. 2 on the other hand 77 percent was the highest recorded
percentage penetration for readings taken immediately after
a sterm. The high values for percentage,penetratioh éan be
attributed to dripping from the leaves and trickle along the
branches of the trees. This is because even when the rain

had ceased; water continued to drain from the canopy and the
woody surfaces up% to about 24 hours later when the readings

were taken. This rate of drip ,at any time, according to
~SOY - o =
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Robins (1974) is assummed to be mainly dependent on the
quantity of water on the canopy; so that the same rate of

drip on two occassions seperated by a few hours indicates

that there was the same quantity of water retained on the
canopy at both times. Therefore, in a typical storm initially
throughfall or pecerntage penetration is less than rainfall
but becomes approximately equal to rainfall when the canopy

is completely wetted. On the other hand readings taken imme-
diately after a sterm were low w except those rains that occureed
during night time.

The mean percentage penetration recorded in the table shows
similar general charecteristics,for instance the 24 hour
readings show a similar trend to those taken immediately after

a storm except that each reading is about 20 to 28 mm higher.

Since t#we all the samples she@n in the table were exposed to

the same rainfall characteristics, it has been assumed that

the differences in the readings recorded were due to the
differences in the vegetational characteristics and positions

of the sample trees within the stand in relation to wind effects.

LFFECTS OF RATINFALL CHARACTERISTICS

Table 5.2 shows the effects of rainfall characteristics on

percentage penetration through the four samples for selected

dayse.
Table 5.2

Effects of Rainfall Characteristics on Percentage Penetration
Through the four samples on selected days

DATE OF TOTAL SAMPLE

OBSZRVATTON | RAINFALL REMARKS
MM 1 2 3 4 (PRECEDING OBSIRVATI

10/01/88  [15.0 100 93 80 86

22/01/88  |10.0 80 70 75 60 2.
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TABLE 5.2 /CONT/....
DATE OF TOTAL S|AMPLE
OBSERVATION RATNFALL REMARK
(M) 1 2 3 4 (Preceding Observati
B.126/01/88 %645 84 182 |79 1 90 | Last rain on 10/01/88 a:
sunny before this day
4.127/01/88 555 9% |74 {65 |65
5.128/01/88 1545 85 (77 |70 177
6. 11/02/88 4.0 71 |57 |64 | 78
7.115/02/88 14.5 62 |68 |82 | 41
8.117/02/88 9.0 66 {72 |55 177
9. (19/02/88 32.0 86 |70 |73 |68
10.| 4/03/88 29.0 70 |68 |68 | 72
11.| 7/03/88 57.0 71 |70 |67 | 68 |Last rain was on 4/03/88,
Dry for 3 days
12.| 8/03/88 20.0 72 |70 |66 | 68
134 |11/03/88 40.0 80 |75 |72 | 55
14, [12/0%/88 36.0 83 |70 |60 | 72
15. |20/0%3/88 25.6 78 |70 |46 | 66
16. |21/03/88 10.5 85 |90 |66 | 66

During the study period there were no prolonged dry spells between

rainfall occurrences although, there were a few short dry periods

such as between 12th March and 20th March, 1988.

Therefore the

fluctuations in mean rainfall penetration recorded in Table 5.1 can
be agscribed to rainfall factors such as aggregate amount, frequency
and intensity.

Table 5.7 gives examples of the interactions between thase factors.
In some cases of the three factors had a greater effect while in
another two efall three might interact.

Therefore, in cases 2,

8 and 16 the low aggregate: were obviously responsible for the low
penetrations. Case 2 in particular was not affected appreciably

31 /.. i |
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by the longer preceding dry periods of about twelve days.

If it were, the average penetration would have been lower

than what was recorded. On the other hand the high penetra-
tion in case 4 was almost certainly due to high aggregates

of rainfall and effects from the previous amount of rainfall
which was appreciable. Case 5, 14 and 16 had high penetrations
due to delayed dripping because the preéding rain was fairly
heavy.

Although penetrations for samples 1 and 2 in cases 4, 5 and 16
were high, those for samples 3 and 4 of the same cases were
fairly low. This has been attributed to differences in

canopy thickness and position of sample trees with respect to
wind shelter effects as has already been mentioned earlier.
Case 11 shows a fairly small penetration of very high aggregate
rain falling on dry foliage. This is because when foliage is
dry at the énset of rainfall most of the water is intercepted
by the vegetation because vegetation storage capacity is

large at this.time.

Ageregate Rainfall and Interception Loss

The Relationship between aggregate rainfall and interception
loss is illustrated in figure 5.1. The figure shows that the
interception loss decreases as rainfall amount increases. This
is because large amounts of rainfall are usually able to pene-
trate through the tree canopy than small amounts.

Aggregate Rainfall and Throughfall

The relationship between aggregate rainfall and percentage
penetration or throughfall is illustrated in figure 5.2. It
was found out that throughfall increases as aggregate rainfall
increases. The figure indic&tées that this relationship is

quite weak. The correlation coefficient is 0.35. This is becaus

32/eee
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the trees in question arc voung with almost closed canoples.

Ageregate Rainfall and Stemflow

Figure 5.3 shows the relationship between aggregate rainfall

and stemflow. The figure showsthat there is a significant
negative correlation between the two variables. The correlatior
coefficient is 0.5 indicating that stemflow decreases as aggre-
gate rainfall increases. This pPerculiarity has been attributed
to the fact that when rainfall amounts are large more water
penetrates directly as throughfall and very litthle remains

to trickle down the twigs, branches and finally down the main
trunk as stemflow.

THS INFLUSNCE OF RAINFALL INTENSITY

To find out the effects of rainfall intensity on interception
loss a few sclected observations were taken and the relationship
obtained is shown in figure 5.4. The figure shows that there

is a weak negative correlation between the two variables (r=-0.3%
This means that interception loss decreases as rainfall intensit
increases. This is because when rain falls with intensity more
water remains on the canopy, surfaces and is lost back to the
atmosphere as interception loss. However, this is influenced

by the total rainfall as will be seen later.

Rainfall Intensity and Total fainfall

To compare the effects of total amount and rainfall intensity,
Four types of records were selected as defined in table 5.3
dginfall intensity was grouped between that which ranged from
1-3 mm/hour and 4-5/hr. This % cartered for variations in the

intensity that may have occuﬁéd within the course of the storm.
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TABLE 5.

TYPE A B c D
Total rainfall 10 10 15 15
(mm)

Intensity i
mm/hr 1-3 4-5 1+3 45

Results obtained for the, four samples are shown in table 5.3

Table 5.4

Mean Percentage Penetration (X) for Rainfalls of leferent
types at each gauge

Gauge Number

Type -of
rainfall A 1 ‘ 2 3 4

X X X X
A 38 48 29 55
B 64 60 37 55
C 65 55 44 77
D 75 70 63 67

From the table it is evident that penetration by rain of low
intensity is increased by an increase in aggregate rainfall.
This is illustrated well by rainfall type C for gauges 1 and
2. In these cases although rainfall intensity is low (between
1-3 mm/h) the increased aggregate raihfall of more than 15mm
led to penetrattion of 65 aﬁd 55 percent. Penetration by

rain of low amounts is increased by an increase in intensity

38/cee
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as illustrated by rainfall type B for gauges 1 and 2. This
also means that the penetration in a long term rainfall

of small amounts is similar to that of a heavy storm of
short duration.

Rainfall type D for all the gauges shows a high percentage
penetration because both rainfall amounts and intensities
are high.

STEMFLOW AND INTERCEPTION LOSS

The relationship between stemflow and interception loss has
been illustrated in figure 5.5. Interception loss increases
with stemflow.

PERCENTAGE PENETRATION AND INTERCEPTION LOSS

Figure 5.6 illustrates the relationship between percentage
penetration and interception loss. The figure shows that
interception loss decreases with an increase in percentage
penetration. This is because when more water penetrates through
the tree canopy very 1£ttle is left on the éurfaces to be
evaporated back to the atmosphere as interception loss.
THRESHOLD VALUES

yaiues
Thresholdpare the minimum values of rainfall required before

penetration through the canopy can occur. To find out these
values a few selected observations were taken as shown in

table 5.4w- The zero values for rainfall penetration in the
table indicate that there was no penetration until a certain
minimom of rainfall was reached. This was found to be approxi-
mately 2.0mm. Thus the threshold value during the study period

was 2.0mm,
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TABLE 5.5

Rainfall Penetration for Selected amounts of Rainfall

TOTAL RAINFALL PERCENTAGE
RAINFATL PENETRATION PENETRATION
(M) (MM)

1.0 0.0 0.0
1.5 0.0 0.0
1.8 0.5 278
2.0 1.0 50.0

- o0 42 L 4
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CHAPTER 6

CONCLUSION

Summary of Findings

The study found out that between 67 and 77 percent of the
total in put of rainfall penetrated each of the tree canopies
with the averager being 71 percent. The study also revealed
that stemflow ranged from 13.5 to 16.6 percent with an

average of 14.8 percent. Interception loss averaged42.5 and
ranged from 39 to 46 percent. The study found out that before
threshold value of 2mm of rainfall was received no penetra-
tion occured.

‘Conclusions

The study intended to verify two assumptions:- (a) vegetatio
cﬂaracteristics affect interception, (b) Réinfall characteri-
stics affect interception.

To verify (a) required the examination of the vegetation
characteristics and measurement of the interception components
of stemflow, throughfall and interception loss in stands of
varying stand density, species, age and consequently leaf
marphology, stmmcture and ba¥k texture. But since this was
not possible mainly due to lack of adequate time and also
because the plantation was made up of only one species
(Eucalyptus) it was decided that these components be measured
under trees of one species and age and then make a comparison
of results obtained with those that have been obtained by
other studies conducted in various forest species and of
different density and age.

A comparison of the results obtained from the study indicated

that there 1s a relationship between vegetation characteristic
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and interception in many ways for instance the stemflow
obtained(is mainly) in this study were higher than

what most studies conducted in older plantations obtained.
Therefore it was assumed that the age of the forest affects
interception. In this case the distance travelled by the
stemflow to the collector was short because the trees were
young. Less water was thus absorbed by the bark or evaporated
before it reached the collector and this increased the stem-
flow obtained. The bark of the trees were also smooth and this

was found to have contributed to the high values of stemflow.

Throughfall estimates obtained in the study corresponded very
closely with estimates other investigators have reported for
coniferous forests such as Rogerson (19€7) and Aranda and
Coutts (1963%). Howevery these estimates were found to be lower
than most studies and this perculaiarity was attributed to the
age of the trees under investigation. The trees were young
and with very thick canopies which could have reduced pene-
tration of rainfall.

Interception loss was therefore: found to be higherthan what
most studies have recorded because of reduced throughfall

and jincreased stemflow. The study therefore found out that
vegetation characteristics had an effect on interception.
The vegetation characteristics were not the only factors
affecting interception and an attempt to verify assumption
(b) was made. This required the examination of the rainfall
characteristics over the area for a certain period of time
and an examination of the interception components obtained
under a particular type of rainfall. The main rainfall
characteristics under consideration were aggregate amounts
and intensity. The study revealed that aggregate amount

of rainfall had an effect: on interception in that as the

amount increased interception loss decreased.,
ai/
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This was found to be a result of the fact that throughfall
increased with rainfall amounts so that only very little

water was intercepted by the tree canopy whichlater evaporated
back to the atmosphere as interception loss.

It was also found that rainfall intensity had an effect on
interception in that interception loss decreased with intensity
This means that rainfalls of short duration but falling at
high intensities penetrated the tree canopy more than that

of low intensities and therefore very little water was lost

to the atmosphere. The study revealed as was shown in chapter
that rainfall intensity and total amount intract in their
influence on interception. It was found - out that pene-
tration of rainfall of low intensity was increased by an
increase in aggreggte rainfall and low amounts were increased
by an increase in intensity.

The study has revealed that both vegetation and rainfall charac
stics have an influence on interception and therefore any

investigation of interception components in a forest
either for water resource or soil conservation purposes

requires consideration of these two major factors but it must
be borne in mind that environmental and meteorological conditic
of the area also play a part. The study revealed that inter-
ception loss constitutes an appreciable percentage of the
total input of rainfall and this has mﬁlications in matters of
water conservation. It is important to know how much a tree
specigs intercepts rainfall before it is chosen as a species
to be used in catchment area protectiong or soil protection

if it has to replace indigenous species.

The investigation of the effects of vegetation and rainfall

characteristics implied in this study could be either examined
on a broad scale especially in major catchment areas. But more

time should be taken so as to allow for a pilot study in order
ne 7
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+to allow for corrective measures. Investigation should
" also be intensified especially on the vegetation

characteristicse.
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